Grains of cowpea and maize and slices of fresh cassava, cocoyam, plantain, and yam were steep-fermented in water, while flours from the same plant materials were fermented by backslopping for 24 to 30 hours. The pH and apparent viscosity of the gruels from the resulting flours were determined. Loss in weight due to fermentation was higher in fresh tubers than in dry grains. The pH of the flours decreased during fermentation. Measurements showed that the apparent viscosity only of gruels from flours produced by backslopping decreased after 24 hours. The apparent viscosity of gruels from steep-fermented flours was higher than that of the unfermented flours and those produced by backslopping. The apparent viscosity reduction of gruels from steep-fermented flours using amylase-rich flour (ARF) from five-day white sorghum malt was better with the prepared gruels than when applied to the flour-in-tap-water suspension before it was used to prepare gruels. Viscosity reduction using ARF was also better with the fermented gruels than with gruels from unfermented flours. The implications of these results for the formulation of complementary flour blends for infant feeding are discussed.
Introduction
Weaning is the slow adaptation of a child to adult foods while continuing to breastfeed. The weaning period varies from the 4th to the 24th month of life, but the recommended period is to start during the first 4 to 6 months [1] if adequate growth and nourishment are to be ensured. In Nigeria, particularly in rural communities, children are traditionally weaned on cereal-or tuber-based gruels that have been found to be highly viscous, and hence low in nutrient content and energy density. For example, akamu (also known as pap) as consumed contains only 0.5% protein and 1% fat, as compared with the 9% protein and 4% fat contents of the original corn [2] . Of the protein content, 98% of the original tryptophan in maize is lost during processing of akamu, making it the first limiting amino acid. There are also large losses of niacin [3] .
Children under five years of age can consume only limited amounts of highly viscous complementary foods [4] . When the foods are diluted to reduce the viscosity, there is a concomitant decrease in energy and nutrient density to levels below those needed to meet the infant's daily needs. For a four-to six-month-old baby whose calorie and protein needs are 794 kcal (3,322 kJ) and 13 g protein per day, 950 g of akamu would be needed to meet these needs. In that case, a child consuming complementary food containing 1,090 kcal/kg (4,564 kJ) would need at least 3 kg of the food per day-which is impossible, considering the child's small stomach capacity. This inadequate food consumption in most cases precipitates proteinenergy malnutrition, which is largely responsible for the high infant mortality rate in Nigeria. In addition, iron deficiency, rickets, and scurvy may develop at this time unless supplements are added. This situation is complicated by several factors: the high cost of the technically standardized, factory-produced infant foods; the poverty of the average Nigerian family, which spends about Naira 400.00 (US$3.00) per month on complementary foods; and the absence of cheap, acceptable, and high-biological-value protein sources from local foods that can be used to supplement breastmilk during weaning. To improve this situation, attempts have been to process and blend flours from local cereals and legumes (whose amino acids are complementary) and in some cases to partially substitute tubers for cereals. Processing techniques used for this purpose have been largely fermentation [5, 6] and less often germination [7, 8] .
The advantages of fermentation have been reviewed by Nout and Motarjemi [5] . The effect of fermentation on the viscosity of complementary foods is, however, controversial. Although microbial exoenzymes from the fermentation can have a thinning effect on the viscosity due to the hydrolysis of starch and proteins, lowering of the pH of the medium toward the isoelectric point of porridge proteins may induce a neutralizing effect [9, 10] by increasing apparent viscosity. This is a possible reason for using amylase-rich flour (ARF) to complement the thinning effect of fermentation. However, bulk reduction with ARF has cost, processing, and preparation implications that may be resolved by determination of the best method of ARF treatment.
This study was designed to determine how fermentation and treatment with ARF affect the apparent viscosity of complementary feeding gruels.
Materials and methods
Flours were prepared from cassava (Manihot esculenta), cocoyam (Xanthosoma mafaffa), cowpea (Vigna unguiculata), maize (Zea mays), plantain (Musa paradisiaca), and yam (Dioscorea rotundata).
Preparation of flours

Cowpea flour
Cowpea flour was prepared by three methods: cowpea was soaked in water for 30 minutes and wet dehulled, as practiced traditionally (sample A); cowpea seeds were steeped in water for 7 hours and wet dehulled (sample B); or cowpea seeds were soaked in water for 7 hours, dehulled wet, and then fermented in tap water (1:3, w/v) for 24 hours (sample C). The samples were then dried.
Cassava, cocoyam, maize, plantain, and yam flours
Unfermented flours
The maize grains were dried and milled into flour. The tubers were peeled, washed, and divided into two portions each. Portion A of cassava was grated and dried; the cocoyam, plantain, and yams were cut into thin (approximately 1-mm) slices and dried.
Fermented flours
The second portion (portion B) of the tubers was cut into approximately 1-mm slices and fermented in tap water (1:3, w/v) for 24 to 30 hours, as practiced traditionally. The maize grains were steeped in water for the same amount of time (1:3, w/v) and fermented. Fermentation was monitored by determination of pH.
After fermentation, the water was drained and the ferments were dried.
Unfermented flours were also fermented by the backslopping method of Nout et al. [11] for 36 hours. Fermentation by backslopping involves the gradual selection of lactic acid bacteria as the principal fermenting microorganisms by repeated recycling of ferments as inoculum. Sixty grams of flour was mixed with 40 g of water and incubated at room temperature (28 ± 2 o C) for 24 hours. The ferment, now referred to as the "concentrate," was used as an inoculum, forming 10% of the next flour-in-tap-water slurry (60:40, w/w) to be incubated for the next 24 hours. This was repeated for the third 24 hours, bringing the total fermentation time to 72 hours. The pH was monitored with a CRISON pH/mV meter standard 414; a 1:3 (w/v) suspension of the milled and dried flour in distilled-water slurry was used for pH determination.
The samples, fermented and unfermented, were dried at 50 o to 55 o C so as not to pre-gelatinize the starch. The samples were dried to a constant weight in trays with slotted bases in a Gallenkamp oven. The dried samples were each milled twice in a disk attrition mill (Bentall Plate Mill, Model 2000, F. H. Bentall, England) and sieved with a nylon cloth sieve between millings and after the second milling.
Determination of apparent viscosity
The apparent viscosity of the gruel prepared from a 5% (w/v) sample of each flour in tap water was determined at 40 ± 2 o C with a Haake Rotovisco (Gebruder Haake, Berlin, Germany). After 5 minutes had been allowed for equilibration, measurements were made in a concentric/coaxial cylinder (4.5 × 8.75 cm). The spindle was run in the sample for 1 minute before stable readings were taken at a shear rate of 162 per second. Conversion into centipoise (cps) units was done using the specific factor of 0.162 for the spindle used.
Production of ARF
ARF was prepared from white sorghum grains malted for 5 days and also analyzed for αand β-amylase activities using the methods of EtokAkpan and Palmer [12] . The malted grains were milled in the Bentall Plate Mill, and the flour was sieved through a nylon sieve cloth, as practiced domestically in Nigeria, before analysis for amylase activity.
Effect of amylase treatment on the apparent viscosity of the fermented gruels
A 5% (w/v) sample of each of the flours was used to prepare gruels, and the viscosity was determined as described earlier. A 7.5% (w/v) sample of each of the steep-fermented flours was used to prepare gruels by two different methods and was treated with 1% ARF (α-amylase activity = 153 U; β-amylase activity = 237 U) from 5-day white sorghum malt. The flour-in-tap-water Viscosity reduction by fermentation and ARF treatment slurry of each sample was treated with ARF for 10 minutes before the gruel was prepared by boiling for another 10 minutes (ARF 1 ). The second gruel samples were prepared by boiling the suspension as described above, cooling to 40 o C in a water bath, and treating the gruel with the ARF for 10 minutes. The gruel was then heated for 5 minutes (ARF 2 ) to destroy microorganisms and enzymes introduced through the ARF. A control sample (ARF 0 ) was prepared without the addition of ARF. All the gruels were cooled to 40 o to 42 o C, and the viscosity was read in a Haake Rotovisco as described earlier.
Results and discussion
Process loss
The loss in weight during flour processing is presented in table 1. The process loss was generally lower in steepfermented flours than in the flours produced by backslopping. The lower process loss in steep-fermented flours was limited possibly by the amount of soluble matter leached out of the produce. The higher process loss in flours produced by backslopping may therefore be due to the greater surface area over which microbial and enzyme activity took place during fermentation. The process loss due to steep fermentation was highest in the foods with high moisture contents-cassava (7.6%), yam (4.4%), cocoyam (3.2%), and plantain (0.6%)-and lowest in maize (0.3%). The high process loss for cowpea (1.5% and 2.6%) did not fit into any pattern. The lowest process loss for maize could be due to the structure of protein in the cell wall and the higher amount of water needed to saturate the grain before loss of dry matter by leaching could become noticeable.
pH
The pH of the liquor from steep fermentation became constant within 24 and 30 hours ( fig. 1 ), indicating that fermentation of the native cereals and tubers beyond this time would possibly lead to production of off-flavor in the foods under the increasing anaerobic conditions. The practice of changing the steep water during fermentation would probably result in a betterflavored product but with a higher process loss and a lower nutrient content. The initial changes in pH are therefore due to leaching of soluble matter into the fermenting medium; in cowpea, cocoyam, plantain, maize, and yam, this could be ascribed to leaching of acidic compounds, with the cowpea and plantain containing the most leachable quantities.
The pH values of the flours from steep and backslopping fermentation are presented in table 2. Fermented flours had lower pH values than unfermented flours, due possibly to the production of organic acids from fermentable sugars. The flours fermented by backslopping had slightly lower pH values than the flours steeped in water for 24 to 30 hours (steep 1 flours) because of the larger surface area available for microbial action, which may have resulted in the production of more organic acids. As compared with the pH of the liquor during fermentation (data not presented), oven drying probably led to a slight decrease in pH resulting from the loss of organic acids, probably the short-chain organic acids, which have lower boiling points. This is, however, understandable, since toasting has been reported to reduce the level of titratable acidity, although not significantly [13] . The use of a lower drying temperature in our investigation would have had even less significant effects.
Viscosity
The effect of fermentation on the apparent viscosity of the flours is shown in table 3. The products of steep fermentation had higher percentage increases in viscosity, except for unripe plantain, which had lower values. It is possible that the higher viscosities were due to the loss of soluble and fermentable dry matter, thus concentrating the gel-forming/water-binding substances.
The period during which this occurred might therefore coincide with the lag period of the organisms involved in the fermentation. In flours produced by backslopping, apparent reduc-tion of viscosity occurred in all the samples, except the cassava sample, within 36 hours. The decreases could be due to a faster rate of hydrolysis of macromolecules into the more soluble forms arising from damage to the granule structure during milling. The increase in the viscosity of gruels from the cassava sample could be due to a number of factors. These include the structure of the starch that is responsible for binding absorbed water [14] , the intractability of the cell wall, or the presence of cyanide, which may have reduced microbial growth and activities during the fermentation period. Based on these results, further investigations to show the effects of ARF treatment were carried out with the steep-fermented flours, which had higher apparent viscosities and pH values. The effects of ARF on apparent viscosities are presented in table 4, and the percent reductions in apparent viscosity due to ARF treatment are shown in table 5. It is postulated that the higher apparent viscosity of the fermented cowpea suggests a. ARF 0 , control, no ARF; ARF 1 , flour-in-water slurry treated with ARF before gruel preparation; ARF 2 gruel treated with ARF.
Viscosity reduction by fermentation and ARF treatment that the duration of fermentation may have been too short for the synthesis of β-glucanases [15] needed for the breakdown of the granule cell wall prior to starch hydrolysis. The effect of fermentation on the reduction in apparent viscosity by ARF treatment is best seen with the gruels prepared from the flour-in-tap-water slurry (ARF 1 ). The fermented samples had a higher percent reduction in viscosity, except for cowpea and yam flours. This follows from the fact that the higher apparent viscosity, as compared with that of the unfermented samples, was due to leaching of soluble matter. The higher reduction in apparent viscosity of fermented samples could therefore be due to damage to granule structure during milling, which may have resulted in a larger amount of soluble matter, including sugars and short-chain dextrins.
Gruels from the steep-fermented flours treated with ARF (ARF 2 ) had lower apparent viscosities than those from the flour-in-tap-water slurry treated with ARF (ARF 1 ) and the unfermented flours (ARF 0 ). The higher percent reduction in the apparent viscosity of ARF 2 gruels would be due to the prior gelatinization of starch during preparation. However, reducing the apparent viscosity of infant-feeding gruels by treating them with ARF and subsequent reheating may not be acceptable to rural women because of the energy and time needed for the preparation of ARF 2 gruels. It may therefore be better to produce precooked flours or to dry the flours at temperatures that would gelatinize the starch. Such flours would give a better reduction in viscosity if the flour-in-tap-water slurry is treated with ARF before heating to prepare the gruel. This would prevent the need for a second heating, as suggested by Nout and Ngoddy [6] , to destroy microorganisms introduced by the ARF.
In ARF 2 , unfermented flours had higher percent reductions in viscosity than fermented flours, with the exception of gruels from the plantain flour. This suggests that the unfermented flours had higher quantities of gel-forming components, and that a combination of fermentation and gelatinization makes the starch granule more susceptible to hydrolysis by amylases, as observed by Gopaldas et al. [7] . This therefore shows that with ARF 2 , the lower percent reduction in the apparent viscosity of fermented flours is an indication that many of the macromolecules may have been prehydrolyzed during fermentation. The heat treatment during preparation would therefore have rendered the macromolecules more amenable to hydrolysis by enzymes from the ARF.
The effect of fermentation on the apparent viscosity of gruels could therefore be due to two factors: the method of fermentation and the length of the lag phase of fermenting microorganisms. The method of fermentation determines the rate of production of more soluble substrates utilizable by the organisms and hence contributes to the length of their lag phase, which in turn affects the reduction in apparent viscosity.
The results further suggest that in a maize-cowpeavegetable combination designed to increase protein content and reduce cost [6] , cowpea and, to a lesser extent, maize and cocoyam would be the rate-limiting substrates during exogenous amylase hydrolysis of prepared gruels. These rate-limiting substrates have higher protein contents, which would limit hydrolysis of cell wall components and gelatinization of the starch prior to hydrolysis of macromolecules.
Conclusions
Steep fermentation of cassava, cocoyam, cowpea, maize, plantain, and yam for 24 to 30 hours resulted in gruels with higher apparent viscosities than those produced from flours by backslopping, except for gruels made with flours from steep-fermented unripe plantain. The apparent reduction in viscosity by ARF treatment was better with gruels prepared from steep-fermented flours than with gruels from unfermented flours. Viscosity reduction was also better when the prepared gruels were treated with ARF than when ARF was applied to the flour-in-tap water-suspension before it was used to prepare gruels, with the effect on fermented gruels being better than that on unfermented gruels. In the absence of any interactions between components, the results suggest that a maize-cowpea-plantain complementary flour blend would be expected to have the lowest pH and viscosity and to be more stable microbiologically, and therefore that it would be more acceptable. This combination would be good for infants from families with a history of diabetes, for whom unripe plantain is a recommended food. In addition, using precooked (preferably by extrusion) flour blends dry-mixed with the ARF would avoid involving the consumer in the processing and also reduce cost. ARF 1 , flour-in-water slurry treated with amylase-rich flour (ARF) before gruel preparation; ARF 2 gruel treated with ARF.
